The critical resolved shear stress of GaAs single crystals doped with silicon was directly measured using dynamical compression tests at high temperatures. At the melting point the critical resolved shear stress is 0.032 and 0.027 Kg/mm 2 fo crystals doped with 1.5xl0 1B and 3xl0 18 cm-3 silicon, respectively.
These values are lower than that for undoped
GaAs. This reinforces our earlier conclusion that solid solution hardening and the reduction of crystallographic glide is not the only mechanism by which dopants reduce the formation of dislocations during the growth of single crystals from the melt . GaAs as functions of both temperature and composition, using dynamic compression testing.
The experimental technique used for the compression tests is the same as that described previously.l The crystals were grown in a low thermal gradient environment (6°C/cm axial gradient), fully encapsulated in 8 2 0 3 using the low pressure LEC process. 6 All crystals were grown under identical conditions in order to mi nimi ze differences in nati ve defect concentrati on, stoi chiometry, and residual stress that might influence the deformation behavior. The crystals were grown on the <100> axis 1200 grams charges presynthesized using the standard physical vapor transport technique." Dopants were added to the gallium prior to synthesis. The crystals were cooled at =:loC/min after solidification. Figure' shows the effect of the carrier concentration in
Si-doped crystals on the dislocation density. An abrupt decrease of dislocation density is observed when the free carrier concentration * This value for Si concentration was determined using the electrical parameters published by Swami nathan and Copley and tables of compensation ratio versus mobility and free-carrier concentration published by Walukiewicz, et al. ' 2 This assumes that the dominant shallow level impurities are Si Ga and Si As . The theory of yielding 1 £> gives for the lower yield stress the following relation:
T ly
where C is a function of the strain rate ~ , m is a kinetic factor characterizing the dependence of the dislocation velocity on stress, and E is the activation energy for the motion of dislocations. For the present case of 5i
in GaAs no value for m has been determined and, thus, no insight into the effects of 5i on dislocation velocity in GaAs may be deduced. However it should be noted that Te, also an n-type dopant for GaAs, has been found to reduce dislocation velocity.17-2l
Clearly, 5i-doping affects the CR55 of GaAs. At low temperatures 5i-doped material is much more resistant to deformation. However, at elevated temperatures the CR55 of 5i-doped crystals is significantly lower, and more surprisingly decreases with increasing concentration of 5i~ This result reinforces our earlier conclusion that the effect of dopants on dislocation density reduction during single crystal growth does not occur solely through a reduction of the crystallographic glide imposed by thermoelastic stress. It strongly suggests that once temperature gradients have been red4ced below a value wherein thermoelastic stress is no longer a dominant process, a different mechanism must be operative. However, the subsequent distribution ,.
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